2. Place the bag containing soil in an autoclavable plastic tray and autoclave for 1 h at 121 °C/15 psi on a liquid cycle. After the autoclaving is completed, pull the tray with soil out of the autoclave and let the soil cool down to room temperature. It is best to let the soil cool down overnight.
3. To prepare pots for planting radish and mustard, take a flat plastic tray with holes and place it inside a flat plastic tray without holes. Place eight, 4.5" (11.43 cm) pots in the tray with holes.
Fill these pots loosely with the wet autoclaved soil, making sure to fill the pots to the top. 4 . Sprinkle 30-40 seeds each of radish and mustard on the top of the soil in each pot (see Figure   1 ). chamber that contains GPA-colonized mix of radish and mustard plants ( Figure 2 ). The tray with fresh seeds is placed adjacent to the tray containing GPA colonized mustard and radish plants.
The growth chamber should be preferably located in a contained area where plants for other use are not cultivated.
Figure 2. Radish and mustard plants with GPA (indicated by black arrows)
7. The radish and mustard seed mix should begin germinating within 2-3 days. The aphids will begin moving to the fresh plants in a few days.
8. Repeat this procedure every week to maintain a healthy GPA colony.
9. Unwanted plants and soil are emptied into autoclave bags and autoclaved for 1 h at 121 °C/15 psi on a liquid cycle before disposing of.
Steps to prevent insect escaping out of contained facility: If feasible, have the insect colony in a room that is physically separated from the room in which plants are normally cultivated. To limit spread of the insect out of the insect room, avoid going from the insect room to a room where plants are cultivated. If feasible, avoid wearing shirts/lab coats with long sleeves, or rollup the sleeves so that insects do not accidentally crawl on to your shirts and escape out of the insect room. Further, wash hands well before conducting any other work.

Part II: No-choice bioassay
The no-choice bioassay provides a simple assay to compare aphid population growth on plants of different genotypes. It provides a measure of differences between the resistance levels of plants of different genotypes. It can also be used to compare the impact of various treatments (e.g., chemicals)
on aphid population growth. The no-choice assay measures the combined effect of antibiosis and antixenosis. Antibiosis is the effect of host defenses on insect growth, development and reproduction, while antixenosis reflects the effect of plant mechanisms on insect behavior. The Electrical penetration it at a slight angle so that it sits on the top edges of the lower tray. Allow the excess fertilizer solution to water drain out into the lower tray.
6. Soil is now ready for sowing seeds. At least 10 Arabidopsis plants (two per pot) are required for each genotype. Place two Arabidopsis seeds of the same genotype diagonally across from each other, 1-1.25 cm from the edge of the pot. The seeds can be picked up, one at a time, by touching the moistened tip of a toothpick to the seed. Seeds will adhere to the tip of the toothpick.
Seeds can now be placed on soil by touching the seed, which is adhered to the tip of the toothpick, to the moistened soil surface.
Note: Do not push the seed into the soil and have only seeds of the same genotype in each pot.
7. Cover the tray with the clear vinyl propagation dome.
8. Put the tray in a cold room or refrigerator for 48 h (light is not required during this period). This will allow the seeds to imbibe water and increase the chance of seeds germinating uniformly.
9. At the end of the cold treatment, move the trays and pots covered with the clear vinyl propagation dome into the growth chamber. The seeds should germinate, and a pair of green cotyledons should emerge within 2-3 days.
10. Once the first pair of true leaves has appeared (usually 8-9 days after placing the pots in the growth chamber), remove the transparent plastic dome. Leave the plants uncovered in the growth chamber. Figure 3) , take them to the insect room. indicates that values between the two genotypes are significantly different (P < 0.05; t-test).
6. At the end of the experiment, the plants and the soil are emptied into autoclave bags and autoclaved for 1 h at 121 °C/15 psi on a liquid cycle before disposing of.
Part III: Fecundity assay
The fecundity assay is used to determine the reproductive capacity of the GPA on an individual genotype or to compare the reproductive capacity of the GPA between plants of different genotypes, or in plants treated with a chemical compared to control plants. 2. A day before initiating experiment with Arabidopsis, with a camel hair paint brush place several apterous adult (~1-1.5 mm) insects on healthy radish/mustard plants.
Materials and Reagents
3. Next day, with a camel hair paint brush, collect the newly emerged nymphs in a Petri dish. 
Part IV: Electrical penetration graph to study the green peach aphid feeding behavior
The Electrical penetration graph (EPG) measures the time spent by the aphid on various feeding activities. It can be used to determine the effect of plant genotype and or environmental factors (e.g., chemical treatment) on aphid feeding behavior. A cartoon of the EPG set-up is shown in Figure 7 . In EPG, an uninsulated electrode, the plant electrode, is placed in the soil in which a plant is growing, thus electrifying the plant with a very low-voltage, low amperage current. An insect electrode, which at one end contains an extremely fine and flexible gold-wire is glued to the dorsum (back) of an aphid. The other end of the gold wire is connected to a copper wire, which in turn is connected to a brass nail that is hooked up to an amplifier. When the aphid is walking on the surface of the plant tethered to gold wire of the insect electrode, the 'switch' is open in this electrical circuit. However, as the stylet contacts the conductive tissues of the electrified plant, a potential drop occurs and unique waveform patterns reflecting different activities are produced, including (i) non-probing phase (baseline), (ii) pathway phase when stylet is inserted into leaf, but not in the phloem, (iii) time to first probe, (iv) sieve element phase (SEP) when the insect is feeding from sieve elements, (v) time to first SEP, and (vi) xylem phase. Below we describe the steps involved in preparation of the insect probe, the attachment of the insect electrode to the aphid, data acquisition and analysis.
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www.bio-protocol.org/e2950 which is part of the plant electrode, is inserted into the soil of the pot, in which the plant is rooted.
The other end of the plant electrode is connected to the EPG monitor. The plant is electrified with a low-voltage, low amperage current. Once the aphid starts feeding on the plant, the aphid stylet comes into contact with the electrified plant, the circuit will be closed and current will flow through the insect and into the monitor, thus producing different waveforms. 
Procedure
The following protocol is provided for studies on Arabidopsis thaliana and the green peach aphid (GPA),
Myzus persicae.
A. Preparation of the insect electrode
The insect electrode (Figure 8 ) consists of a brass connector pin (Ø 1.2 mm) to which a copper wire 14 www.bio-protocol.org/e2950 6. Touch the glue/paint end of the copper wire to the end of a 2-4 cm piece of precut gold wire and gently lift the gold wire. Alternatively, make a few turns of the gold wire on the copper wire and apply the sliver glue/paint over it (Video 1; Part B).
7. Using a dissection needle, gently manipulate the gold wire to distribute the glue/paint to overlap the copper wire and about 0.5 cm of one end of the gold wire (Video 1; Part B).
8. Allow the glue/paint to dry completely before applying a second coat of the glue/paint using the tip of the dissection needle to create a strong bond between the copper wire and the gold wire.
This process is also done to ensure that there are no glue/paint-free parts of contact between the copper wire and the gold wire.
9. After the glue/paint is dry, the insect electrode is ready and can be stored in a styrofoam/polystyrene box.
Note: The insect electrode can be prepared using either a stereo dissection microscope or under sufficient illumination on a laboratory bench.
B. Preparation of aphids for wiring
Collect enough apterous adult aphids (at least 10-15 for preparing eight insect electrode-wired insects) from the aphid colony and transfer them to a Petri dish (100 mm wide x 15 mm deep).
Prior to the wiring, aphids are starved for one hour to ensure feeding upon the start of the EPG experiment.
Note: A Giga-8 system can at a time, simultaneously monitor the feeding behavior of a maximum of 8 aphids. Hence, to obtain readings from 15-20 aphids, the experiments will have to be conducted on multiple days.
C. Connecting aphids to the insect electrode
The insect electrode ( Figure 8 ) described above is connected to the aphid with a silver glue/colloidal paint ( Figures 9A and 9B ). For the following procedure, the use of a stereo dissecting microscope will greatly ease the process. A vacuum suction device can be utilized to hold the aphid in place while attaching the insect electrode to the dorsum of the aphid. Alternatively, the aphid can be placed on a KimWipe ® or MiraCloth ® in order to reduce the mobility of the aphid.
www.bio-protocol.org/e2950 1. Ensure that a smooth emulsion of the silver glue/colloidal paint is available by shaking the tube thoroughly.
2. With a camel hair paint brush lift an aphid from the Petri dish where the apterous adult aphids are being starved.
3. Using a pin/dissecting needle, apply a small drop of glue/colloidal silver paint on the dorsum of an adult aphid ( Figures 9A and 9B ). Allow the glue/colloidal silver paint to dry for several minutes.
Ensure that the glue/colloidal silver is not applied to the head, antennae or legs of the insect.
4. Once the first drop of glue/colloidal sliver paint is dry, apply a second drop of glue/colloidal sliver paint to the same spot on the back of the aphid. walking position on the plant surface. Figure 10C ) so that the insect is not in contact with the plant surface and then proceed to connect the remaining prepared insect electrodes with wired aphids to the remaining channels.
Lift the EPG probe (
6. If required, use the swivel clamps to adjust the height of the EPG probes ( Figure 10C ).
7. Once all the insect electrodes are connected and the aphids are hanging a few centimeters above the selected leaves/plants, start data acquisition using the Stylet + software (Detailed methodology of the using the software can be found in the Stylet + manual at https://www.epgsystems.eu/downloads-install-files-manuals/category/7-hard-software).
8. Lower the insects one at a time on to the plant surface and ensure that the aphid is able to place its legs on the plants surface and that there is sufficient slack to allow the aphid to move around to find an appropriate place for stylet penetration ( Figure 10D ). 9. The amplifier settings may be adjusted once the aphids have started probing (details can be www.bio-protocol.org/e2950 
E. Important considerations
To obtain data with minimal variance between samples, the following considerations should be taken into account.
1. Optimal EPG Recording time: For GPA feeding on Arabidopsis, the optimal recording time is 8
h. Longer recording times are possible. Pilot experiments are necessary to accurately determine the duration of EPG recordings.
2. Age of plants: Ensure that the age of the plants is as close as possible. In order to achieve this, follow staggered planting so that plants for the experiments are of uniform age. occurs and the aphid stylet is retracted and not located in any host tissue can be observed.
This period is referred to as non-probing phase (NP).
www.bio-protocol.org/e2950 d. SEP occurs when the stylet tips are in a phloem sieve element, which is the site of phloem sap ingestion by aphids. The SEP consists of E1 ( Figures 13A and 13B ) and E2 ( Figures   13A and 13C ). During E1, the aphid stylet is located in the sieve elements and the aphid is actively salivating, presumably in an effort to suppress host responses. During E2, the aphid stylet is located within the sieve element and the aphid is ingesting phloem sap. tissue but due to difficulties in stylet mechanics, the aphid is not involved in feeding behaviors.
2. Waveform analysis a. The identification of various waveforms are performed visually and labeling the waveforms is performed using the Stylet + software (detailed methodology to use the software can be found at: https://www.epgsystems.eu/downloads-install-files-manuals/category/7-hardsoftware).
b. Stylet + allows the user to create analysis grids and store the analysis data in ".ana" files that are required for downstream data processing.
c. If waveform analysis reveals that an aphid spent > 70% of the recording time in Np+F+G activities, discard that aphid.
G. Calculation of EPG events
The length of EPG events and the complexity of the parameters used to explore insect feeding behavior make the analysis of EPG data a time-consuming process. The ability to automatically 
Data analysis
The data obtained from EPG recordings is considered non-parametric data since they do not conform to the assumptions of one-way ANOVA and must therefore be analyzed using appropriate statistical tests or the data can be subjected to transformation to meet the assumptions of ANOVA.
Two methods of analysis are appropriate:
1. Data analysis without transformation: The different parameters obtained from EPG analysis worksheets listed in G are first compared using the Kruskal-Wallis test, which is a distributionfree test. Parameters that show significant differences (α = 0.05) between treatments (if more than two) can be further evaluated using the Mann-Whitney U (MWU) test. MWU is used to compare differences between two treatments and therefore, repeated MWU tests have to be carried out between all treatments to determine significant differences (α = 0.05).
For example, if your EPG experiment consists of three treatments: T1, T2 & T3, and the Kruskal-www.bio-protocol.org/e2950 This function returns the rank of a number in a list of numbers and if more than one value has the same rank, it returns the average rank. The rank-transformed data for each parameter can then be analyzed using ANOVA (either is SAS or Minitab) to determine differences between treatments. Parameters that show a P-value of ≤ 0.05 can be subjected to a post-hoc test such as Tukey's Honest Significant Difference test to determine the difference between means of the different treatments. (Ebert et al., 2015) .
Note: Ebert 1.0 is a SAS program that provides both data compilation and statistical analysis of EPG variables. Data analysis is performed using a mixed model analysis of variance
Notes
1.
Arabidopsis plants should not be overwatered. Overwatering increases chances of algal and fungal growth in soil. It is best to sub-irrigate only when the soil surface shows the first sign of drying. This will also facilitate healthy growth of Arabidopsis.
2. Maintain a back-up of the GPA colony in a separate growth chamber to minimize the chance of losing the colony due to equipment malfunction. Periodically, clean up the growth chamber to remove dead insects and debris. Further, wipe the interior walls and shelving clean with a wet cloth followed by 70% ethanol to get rid of aphid honeydew that might have collected in the chamber.
3. Under our experimental conditions, we have found that in order to obtain 20 successful replicates for data analysis of aphid feeding behavior, for each treatment at least twice that number of aphids have to wired and connected to the Giga 8d and a plant.
4. Wiring the insect is not difficult, but requires patience and practice. In order to connect the adult aphid to the insect electrode, any variation of the procedure can be used. For instance, Video 2
shows an alternate method of connecting an aphid to the insect electrode. The important point is to ensure that the glue and the gold wire do not hinder aphid movement.
5. Although it can be done manually, the accuracy and efficiency of calculating the EPG events can be greatly enhanced by using the various available programs Backus 1.0 (Backus et al., 
